Two longitudinal studies were undertaken to measure the naturally occurring coagulation inhibitors, protein C and protein S, in females who were either pregnant or who were undergoing hysterectomy. Functional and immunological protein C and free protein 8 were assayed.
Introduction
Protein C and protein S are two vitamin K-dependent, naturally occurring inhibitors of haemostasis whose properties have recently been reviewed-". The main function of protein C appears to be the neutralization of the active forms of factor VIII and V and it may also stimulate fibrinolysis by suppressing the level of the fast-acting inhibitor of plasminogen activatorv', Protein S is a co-factor for protein C in the neutralization of activated factor V2. Current evidence suggests that the slow activation of protein C by thrombin is enhanced by its interaction with a complex of thrombin with thrombomodulin, an endothelial cell-bound protein". This complex inhibits the procoagulant and platelet aggregating activities of thrombin and facilitates its ability to activate protein C. Thrombomodulin has been found bound to the endothelial cell surface in every tissue except brain", The protein C/protein S/thrombomodulin system is thus closely associated with the blood vessels as evidenced by the synthesis and release of protein S from the endothelium/ and by thrombomodulin being bound to the endothelial cell surface.
Congenital, homozygous deficiency of protein C is associated with purpura fulminans neonatalis'v and often leads to death from thromboembolic disease in early infancy. A premature thrombotic tendency may also occur in congenital heterozygous deficiencies of protein ClO-13 of protein 8 14,15 and such cases are frequently managed on long-term warfarin therapy. This treatment must, however, be instituted with caution since, being vitamin K-dependent, protein C and protein S will fall further and may precipitate coumarin-induced necrotic skin lesions".
Acquired deficiencies of protein C and protein 8, due either to decreased production secondary to chronic liver disease'? or to increased utilization as in disseminated intravascular coagulation-" have also been reported.
There is ample evidence from clinical and laboratory studies that both during normal pregnancyl9,20 and in the two weeks or so following major surgery21,22 a hypercoagulable state exists which is associated with an increased risk of thrombotic complications. Amongst the many factors which may contribute to this phenomenon during pregnancy are a fall in the level of protein 8 23. In addition, it has been suggested!" that a reduction in protein C following surgery may precipitate deep vein thrombosis. In the present study, we have attempted to further characterize the extent and time course of such changes and present here the results of two longitudinal studies in which protein C and protein S were assayed serially in females throughout pregnancy and in those undergoing hysterectomy.
Materials and methods

Patients
Pregnancy study Twenty-nine consecutive patients attending the antenatal clinic were entered into the study after giving informed, verbal consent. None had a prior history of thromboembolic disease or other medical conditions and all smokers were excluded. The aim was to collect five blood samples from each patient (weeks 7-17, weeks 28-32, weeks 36-40, at delivery and at the six weeks post-natal check-up visit). However, largely due to failure to attend one or more of the appointments, complete sets of blood samples were obtained in only 14 patients. Some basic clinical data on these patients is as follows: mean age 32 years (range 24-38), mean height 1.66 m (range 1.57 -1. 78), mean weight at booking 60 kg (range 50-72) rising to 72 kg (range 58-90) late in the third trimester. The mean systolic/diastolic blood pressure was 116/66 mmHg (range 90-140/50-85) at booking falling to a mean of 110/68 mmHg late in the third trimester. Mean haemoglobin was 12.1 g/dl (range 9.1-13.9) at booking and a mean of 11.3, 11.7 and 11.7 g/dl respectively in the second and third trimester and at delivery.
Hysterectomy study Twenty-nine consecutive patients admitted for abdominal hysterectomy were entered into the study after' giving informed, verbal consent. Amongst the indications for surgery were benign uterine lesions in 17 patients and pre-malignant cervical intra-epithelial neoplasia, grade III in three cases. The aim was to collect five blood samples from each patient (preoperatively, on days one and three and postoperatively, at time of discharge and six weeks postoperatively), However, largely due to early discharge and failure to attend the postoperative appointment, complete sets of data were obtained on only 18 patients.
The mean for age and weight was 41 years (range 32-52) and 66.8 kg (range 53-85) respectively. The mean preoperative haemoglobin was 12.7 g/dl (range 10.9-14.8), which fell to 11.0 g/dl (8.0-12.8) on day 3. The mean preoperative platelet count was 269 x 10 9 11 (range 190-331). Preoperative blood pressure ranged from 110 to 140 mmHg (systolic) and from 60 to 90 mmHg (diastolic).
None of the patients smoked but one had a previous history of deep vein thrombosis following laparascopy. This patient had a protein 8 level of 40 u/dl preoperatively and was given heparin prophylactically (5000 u sub-cutaneously three times daily) for 5 days postoperatively. The protein 8 level returned to normal after operation.
Methods
All blood samples were collected through a 21gauge needle into a plastic syringe, anticoagulated with 1/9th volume of 0.104 M tri-sodium citrate and kept on ice until centrifuged at 2000 g for 20 min at 4°C. The resulting platelet-poor plasma separated into plastic tubes and stored at -20°C until tested. The reference material was a pool of plasma from 20 healthy volunteers and this was assigned a value of 100 u/dl for both protein C and protein 8.
Protein C antigen was measured by a modification/" of the Laurell electroimmunoassay-", using an antiserum raised at the Royal Free Hospital by Dr Mikami. Protein C activity was determined by a chromogenic substrate assay incorporating an extract of the venom of Agkistrodon contortrix contortrix (Protac C, American Diagnostica) to activate Protein C and using 82366 (Kabi Pharmaceuticals) as chromogenic substrates". The standard curve was prepared by diluting the reference plasma (lOOu/dl) in saline to obtain 75, 50 25 and 0 u/dl. Patients' plasmas were tested neat or 1 in 2 in saline in duplicate. Twentyfive microlitres of each plasma dilution was mixed at 37°C with 100 ill of saline and 100 ill of Protac C (0.75 u/ml) was added. After 5 min incubation at 37°C, 100 ill of 82366 (1 mg/ml) was added and incubation continued for a further 5 min at which point 100 ill of 50% acetic acid was added to stop the reaction. The colour was measured in a spectrophotometer at 405 nm and the patients' results read off from the standard curve plotted on linear graph paper.
Free protein 8 antigen was measured by electroimmunoassay as described for protein C but substituting an anti-protein 8 antiserum raised at the Royal Free Hospital by Dr Takase. Plasma was first treated with polyethylene glycol which has been shown to remove virtually all of the protein 8 bound to C 4b binding protein-".
The normal range for protein C in our department is 75-140 u/dl and for free protein 8 is 70-130 u/dl. Results were analysed by either a paired two-tailed t-test(complete sets of data) or an unpaired two-tailed t-test (complete and incomplete data combined).
Results
Pregnancy study
Results of protein C antigen (PC: Ag) and protein 8 antigen (P8: Ag) assays on the whole group and for the 14 patients with complete data are shown in Table 1 . There was a slight increase in PC : Ag, the peak level being at the time of the second visit at 28-32 weeks, where it just reached conventional statistical significance and then only when considering the paired data. Conversely, there was a more pronounced and progressively significant fall in P8: Ag which persisted throughout pregnancy. Hysterectomy study Results of PC : Ag, functional protein C and PS : Ag assays in hysterectomy patients are shown in Table 2 .
The initial values for antigenic and particularly for the functional protein C was high compared to that of the normal pool. The level fell on days 1 and 3 postsurgery, but had returned to pre-surgery levels by the time of discharge on the fifth to the seventh day. The modest increase in PS: Ag just reached statistical significance in the samples collected on the day of discharge.
Discussion
Pregnancy study
Our results confirm those of other workers23.28.29 that free protein S falls progressively during pregnancy. However, although reaching statistical significance, the extent of the fall which we observed, even at the nadir during the third trimester (mean 79.7±16.4 uJdl) compared to 101 uJdl in the first trimester, was much less than that noted by these authors (38± 17.3 uJdl, 54±18.0 uJdl, 47±10.0 uJdl respectively). Indeed, in only about one-third of the patients did we find a level below the bottom of the normal range (see Table 1 ), as opposed to two-thirds observed by MaIm et ai. 30 • Neither the mechanism nor the clinical significance of the low protein S is known, although it has also been reported in females taking the contraceptive pill. Normal free protein S with reduced total protein S was described in 21 women on the pill'" while in two other studies 32 • 33 oral contraceptives were found to reduce free protein S. Post-menopausal women on oestrogen replacement therapy also had reduced levels of free protein S. A protein S deficiency may develop due to consumption during disseminated intravascular coagulation (DIC)34 but although pregnancy is considered by some authorities to be a hypercoagulable state 20, to which a low protein S level could contribute, it seems unlikely in the absence of firm clinical or laboratory evidence ofDIC, that this could account for an isolated fall in protein S even of the modest degree observed in this study. Protein S is partitioned in plasma, about 40% being in the free, active form while the remainder is bound to C 4b binding protein and is inactive. A fall in functional (free) protein S would result from an increase in C 4b binding protein and although this is reported not to occur in pregnancy", some evidence to contradict this view has recently been published", At present, it is not known if the binding affinity between protein Sand C 4b binding protein (or other proteins which bind protein S) is altered in pregnancy or by oral contraceptives. Like Comp et ai. 23 we do not believe that haemodilution alone was responsible for the fall in protein S since it was not accompanied by a fall in the closely associated factor protein C. In fact, we observed a slight but significant rise in this protein during the second trimester, as did other workers-", Inasmuch as this might counteract the raised level of factors V and VIII in pregnancy, this might represent a protective mechanism. Despite a recent report of an uncomplicated confinement in a patient with severe (25 uJdl) congenital deficient of protein C 35 , pregnancy is generally a very high risk state in this disorder. Of82 pregnancies in 31 females with congenital protein C deficiency, 16 fetuses aborted, and a thrombotic event occurred in a further 17 patients".
Hysterectomy study
Following major surgery, a fall in protein C 17 and in free protein S37 occurs, the latter being associated with a rise in C 4b binding protein. No such fall was detectable after minor surgery" and so it seems reasonable to suggest that it is dependent upon thrombin generated as a result of tissue damage during surgery. In the present study, the fall in protein C was transient and moderate in degree while protein S levels were, if anything, increased. It seems possible that our results reflect the rather uncomplicated nature of the hysterectomy procedure, which was generally carried out for non-cancerous conditions, although this operation is associated with a high thrombotic risk 23 . Further work is required to clarify this issue. It is interesting to note that the mean protein S level was higher in the hysterectomy patients than the baseline level in the pregnant group. This may have been due to the age difference between hysterectomy patients (mean 41 years, range 32-52) compared to the pregnant patients (mean 32 years, range 24-40), although we have been unable to find any reports in the literature to suggest that protein S levels increase with age.
